Better care coordination is a crucial objective to answer to the rising complexity of healthcare and the associated increase in costs. Process-based organizations is a widely recommended method for achieving this goal.
Introduction
Health care systems around the world are under pressure. As life expectancy is increasing and chronic diseases are getting more frequent, demand is rising but national expenditure is not rising as fast [1] . Therefore there is a clear need for productivity increase. In France, hospitals have been identified as one of the sources of increase of global efficiency [2] . However, in the same time, care complexity is continuously increasing [3] , and hospitals have longsince been identified as complex organizations [4] . In this ever-increasing complexity, sources of productivity need to be identified and efficiency losses need to be addressed.
To deal with this situation, organ-based silo organizations are no longer adequate and better care coordination should be attained [5] . Systems engineering approaches have been identified as a way forward [6] , and as a part of this process-based organizations have been promoted to achieve better coordination. Consequently, hospitals have started to shift towards more process-oriented organizations by designing care processes. However, social scientists have shown that theoretical organizations and real-life events are not the same thing [7] . More particularly Nyssen [8] shows that real-time care coordination can be an "emergence-through-use" phenomenon. The intent of the designer of the management procedures and the behavior of the real system can be two very different things.
In this context, the objective is to achieve coordination by design in order to have more robust and predictable coordination mechanisms. How can this be achieved? To answer this question, an initiative from a French care provider is studied in this article. It is a top-down project aiming at the implementation of an integrated care process for cancer care. The coordination mechanism "as designed" is compared to the situation "as happening". Dates of main events are gathered from medical records to build a picture of the real current situation. This situation is confronted with the desired model.
Conclusions are drawn for the design of coordination-enabling systems and processes and the management of large complex organizational systems. Centralized and non-differentiated initiatives have poor chances of success. In this case, taking into account the diversity of cancer types and organizations is crucial.
Context and literature review: care coordination

Care coordination
Care coordination has been defined as "the deliberate organization of patient care activities between two or more participants (including the patient) involved in a patient's care to facilitate the appropriate delivery of health care services." [9] It includes resource management and is often achieved through information exchanges. To achieve this, process-oriented care organizations have been proposed as a solution [10] . Different approaches exist to implement process-based care organizations, which can be classified in two broad categories [11] : an "industrial" approach based on methods such as lean management, total quality management and business process reengineering [12] ; and the "integrated care" stream, coming from the medical world, with a strong emphasis on evidence-based medicine [11, 13] . The organization studied here applied the "integrated care" approach, although evidence is limited on the efficiency of such a method (Vanhaecht shows that integrated care pathways improve some aspects of care coordination [13] , but other researchers exhibit mixed results for clinical pathways initiatives [14, 15] ).
French context for cancer care coordination
In France, cancer care coordination is organized as a multi-level system. Table 1 shows the different levels of care coordination at the national and regional levels and for the case of the care provider and the hospital at study. This provider is a public grouping of university hospitals, hospitals and clinics. It has elaborated a cancer strategy to comply with national and regional directives and to maintain its leadership on cancer care and research. This strategy is informed by a cancer working group at the head of the organization. Expert centers are certified in the member-hospitals of the provider. This certification is an acknowledgement of their excellence for care and research. As part of its cancer strategy, the provider has launched an initiative to improve its organization for providing cancer care. This initiative is related to the "integrated care pathways" concept. A care process has been designed for implementation in all member hospitals, and indicators have been defined to manage this process.
In this study the objective is to analyze this project and contrast it with systems engineering perspectives. Indeed, previous studies have shown limited adherence to clinical pathways [16] and mixed results when comparing theoretical processes with real-life events [7, 8] , which raises questions on the approach used.
Usually, systems engineering starts with the analysis of context, environment, shareholders and objectives. Then specifications are established for the system. Finally processes are designed [17] . This phase is top-down, from the system towards its elements. The design of the care process is documented and situation at the operational level, i.e. the "down" part of this top-down initiative, is analyzed to draw conclusions on the approach used.
Methods
First, a qualitative study is conducted to understand how the process for cancer care was designed. This analysis is performed by document analysis and a 45 minutes semi-directed interview with the head of the oncology department at the studied hospital, who was also a member of the process design project team.
Then data is analyzed for some patients in the hospital. Two cancer types are targeted: prostate cancer and pancreas cancer. This choice is made based on data-availability and number of patients treated at the hospital. For these two types of cancer, patient records are analyzed based on the following criteria:
-All patients treated for the first time between January and June 2014 and coded in a Diagnosis-Related Group of prostate cancer or pancreas cancer -Both inpatient and outpatient treatment were considered -Patients who have been treated for cancer in the 3 previous years are excluded Data comes from three sources: the medical records management system, the appointment scheduling system, and the Diagnosis-Related-Group payment management system. Following information is gathered: As this was the first study of this type, information is extracted manually.
Materials and results
Qualitative study: process design and implementation
The analysis of the documents produced by the process design team and the interview with the oncology professor provide a good understanding of the care process that was designed and the way it was designed. The cancer care process itself is pictured in figure 1. It is structured in four phases: entrance in the system, diagnosis, treatment and "after-care". It specifies a set of guiding principles:
-Cancer announcement should be done in two steps: one for diagnosis announcement, and one for treatment announcement -These two announcement steps should be two different consults -Between these two consults, treatment should be discussed in a multidisciplinary meeting, with at least three different medical specialties (e.g. urologist, oncologist and radiotherapist) Six delay indicators are defined on this process. They are described in table 2. This process is at a very high level. Figure 2 shows how it was designed.
Fig. 2. Process design project
First, all expert centers were asked to draw a model of the care process for their specialty (e.g. urology cancers or blood cancers). No common formalism was provided, so various level of details were obtained. All the processes modelled by the expert centers were synthesized at the top-level of the provider in a mixed descriptive-prescriptive way which created the final care process of figure 1. KPIs were also defined at this stage. Then this process and its indicators were transmitted down to hospitals. A first KPI measurement was performed, where not all hospitals were able to measure all KPIs. The results were transmitted to the top level. Current thinking in the project group is on whether six KPIs is not too much and which KPIs could be deleted from the list.
Concerning the implementation of this process, in our hospital no resources have been allocated to this project. KPIs are not routinely computed. This will allow us to study the "real system" before implementation of this new procedure. These two populations are very different. They don't use the same resources: on average, pancreas cancer patients transit through 3.3 departments, which is more than twice the number of departments for prostate cancer patients.
Quantitative study: current situation in the hospital
The types of treatment are also very different: mostly surgery for prostate cancer patients, chemotherapy and palliative care for pancreas cancer patients. Survival rates are completely different.
Finally, ways of entrance in the hospital also differ: most prostate cancer patients are detected through a prevention scheme, whereas there is no such protocol for pancreas cancer and most patients come for abdominal pains or other symptoms that need to be related to pancreas cancer.
As the number of included patients is low for pancreas cancer, only prostate cancer will be analyzed further. Two interesting comparisons can be made: with the provider-level process, and with national data. Table 4 shows delays computed for prostate cancer patients in the hospital (hosp.) and corresponding delays from a national investigation undertaken by the national cancer institute, INCa [18] . This investigation included both general hospitals and university hospitals, from the public and private sector, in 17 French regions (which cover almost 50% of the French population). 
Ratio of negative results
Hosp. 0% 55% 55%
INCa 3% 25% 9%
For mean and median computation, only positive values are included. They show that time from biopsy report to MDM is shorter in this hospital than nationwide. However, delays from MDM to surgery are longer in this hospital.
But the main comment that can be made on these results is on the ratio of negative results (the proportion of negative delays for all included patients). For the delay from MDM to surgery, this ratio is of 55% in this hospital, and 25% nationwide. It means that most patient get their surgery, and their case is discussed in the MDM only after that, when treatment has already been performed. This goes against the recommendations of the provider-level process. It also appears that surgery rates are much higher in this hospital (91% of patients) than nationwide (49% of cases in the INCa study).
Some additional treatment can be performed. For patients who had surgery, if no biopsy is performed at the hospital (which means that they already had biopsy results when they arrived), the delay between the first appointment and the treatment is significantly shorter (Student's t-test, unilateral, p < 0.001, 38 observations with biopsy at the hospital, 32 without). Also the relation between Gleason score and time to treatment can be analyzed. It shows that for Gleason scores 8, 9 and 10 (the most aggressive tumors), the delay between first appointment and treatment is significantly shorter than for Gleason scores 7 (Students t-test, unilateral, p < 0.01, 51 observations with Gleason 7, 12 with Gleason above 7). Therefore, if the diagnosis is clear from the beginning, time to treatment is faster, and the more serious the tumor the shorter the time to treatment. This is what would be expected.
Discussion
Global project and local specificities
Although patient record analysis is a long process (about a full week of work for one person to analyze the 159 records), a lot of data can be extracted. However, it is not clear how to make sense of this data.
A first point is surgery rates for prostate cancer. It is much higher in this hospital than nationwide. Nevertheless, the national study includes patients who were in the first steps of cancer and were put under surveillance. These "early" patients don't get hospitalized.
A second point is the rate of negative delays between MDM and treatment. One reaction could be to blame the hospital studied here: it is not following recommendations. However, this hospital has a well-known expertise for prostate surgery. It has some very specific equipment that make it a reference center for this type of intervention. Probably people come to this hospital for this reason: they choose surgery as a treatment with their private practitioner, and then go to this famous reference center. The surgeon only follows the patient's decision, for a surgery that has become almost a routine operation. These cases may also have been discussed in a MDM in another organization, after which the patient chose to be treated in this reference center.
Delays are another element to look at. Time to surgery can be longer or shorter (here it is difficult to say due to the high rate of negative delays), but it will depend on the population addressed by the hospital. The performed analysis shows that the more aggressive the tumor, the shorter the time to treatment. Delays depend on the severity of the patient's condition, which is understandable. Hospitals should therefore not be compared on this indicator. But even for one hospital, is this indicator supposed to rise or decrease? Actually, setting an objective could lead to counterproductive measures where the time from MDM to surgery is reduced on average but increased for more urgent patients.
All these elements (negative delays from MDM to surgery and high surgery rates due to hospital specialization and reputation, delays whose interpretation is uncertain) point to the specificity of each situation. Local contexts need to be taken into account to create relevant processes and indicators. Characteristics of this local context that need to be paid attention to include:
-Hospital specialization in one technique or another -Hospital or physician reputation -Population addressed -Type of organization Here, indicators could be associated to objectives, but these objectives would not reflect the complexity of the situation.
The comparison of prostate cancer and pancreas cancer is also instructive. It shows that treatments are very different for these two types of cancer, in the same organization: surgery is the main treatment for prostate cancer in the studied hospital, chemotherapy or palliative care for pancreas cancer.
The analysis performed and a discussion with practitioners showed that the uncertainty of the diagnosis is very different in these two cases. Pancreas cancer can go unnoticed for a while, and patients often come to the hospital with an advanced cancer. On the other hand, prostate cancer evolves more slowly, it has a nationwide detection scheme, and prostate surgery seems to have become a more routine operation in this hospital due to the large number of cases treated.
Therefore disease complexity should also be considered when establishing processes or indicators. Procedures can be more or less complex: standard, routine or non-routine [19] . Van der Geer et al. [20] have shown that when they are given the opportunity to develop their own performance indicators, medical teams obtain different results depending on the uncertainty of the tasks and diseases. Therefore defining common indicators for these two types of cancer appears very challenging as the activities measured should not be the same: problem-solving for pancreas-cancer, treatment and outcomes for prostate cancer.
Vertical (across hierarchies), horizontal (across domain specialties) and longitudinal (along time) integration are needed [8] and should always take into consideration the complexity of local operations. Complexity can be described in three dimensions: diversity, multiplicity and interconnectedness [21] . In this case multiplicity has been considered but the importance of the diversity of patients, disease characteristics and organizations has been underestimated. Besides, interconnectedness between organizations characteristics and patient profiles has also been forgotten.
These considerations are at the heart of complex systems engineering. One of the conclusions is that systems engineering could help as it starts with the analysis of goals and context, then specifies the system before actually designing it. Here context analysis and goals of different shareholder have not been given enough attention which is why results are not as useful as hoped. When gathering information on current practices, specifications on process models were not given to expert centers, which is one of the reasons why the final unified process model was hard to design. Figure 3 shows a proposition of integration scheme for cancer care in the provider studied here. It differs from the current architecture:
-Cancer types are differentiated at the top level, as they constitute different diseases with different care strategies and challenges. Horizontal integration must be achieved types if a generic metric for cancer care is desired.
-Comparisons between lower-level elements are possible at each level, but the metrics are not necessarily the same at each level.
This is related to the difference between tall organizational complexity and symmetric organizational complexity defined by Burton, De Sanctis and Obel [22] . Tall organizational complexities are fit for functional configurations in varied but predictable environments. Symmetric complexity is needed for turbulent (varied and hardly predictable) environments with matrix organizations: here, medical departments and care process across these departments.
Analysis of Implementation of Care Coordination in a Multi-Level Care Provider Organization: a Need for Systems Approaches
Strengths and limitations
In this study, medical records for a 6-months period are analyzed. This analysis provides insights on how operations are currently performed, and how they are thought of at the top-level: the "bottomup view" of a "top-down" initiative.
However, the low number of patients for pancreas cancer did not allow much analysis on this population. Almost half of the candidate pancreas cancer patients could not be included. This relates to the more global issue of data access. This problem has already been identified in France [18] and other countries [23] . Data is hard to access as it is available in the form of free-text in medical records rather than in a database. It is also scattered between different information systems, and the reliability of data in these systems is not optimal as wrong coding is common.
Future developments
This study underlines the shortcomings of centralized, top-down approaches to the management and coordination of a complex system such as a group of hospitals. In this multi-level complex system, local situations are different and require differentiated approaches. Complex organizational systems theory and network analysis can be of great help.
The analysis of patient journeys for prostate cancer care and pancreas cancer care has shown that inside each cancer type different trajectories coexist. However, these trajectories are not readily available: patient data needs to be analyzed so that relevant patient groups can be identified. Data analysis methods such as Classification And Regression Tree analysis have already been used for operations research in healthcare [24] . They could be used to cluster patients for care coordination. For each of these groups of patients, an assessment of the coordination needs of the patients and the organization needs to be performed, so that appropriate resources can be allocated and other actions can be taken (reshape multidisciplinary teams, work on information systems…).
Finally, for such large systems as this health provider, "handmade" process mining is not enough and automated methods must be developed. However, hospital information systems are particularly divided and make this quite difficult.
